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Millimeter-sized MnBi2Te4 single crystals are grown out of a Bi-Te flux and characterized using
magnetic, transport, scanning tunneling microscopy and spectroscopy measurements. The magnetic
structure of MnBi2Te4 below TN is determined by powder and single crystal neutron diffraction
measurements. Below TN=24 K, Mn
2+ moments order ferromagnetically in the ab-plane but anti-
ferromagnetically along the crystallographic c-axis. The ordered moment is 4.04(13)µB/Mn at 10 K
and aligned along the crystallographic c-axis in an A-type antiferromagnetic order. The electrical
resistivity drops upon cooling across TN or when going across the metamagnetic transition in in-
creasing magnetic fields below TN . A critical scattering effect is observed in the vicinity of TN in
the temperature dependence of thermal conductivity. However, a linear temperature dependence is
observed for the thermopower in the temperature range 2 K≤T≤300 K without any anomaly around
TN . Fine tuning of the magnetism and/or electronic band structure is needed for the proposed topo-
logical properties of this compound. The growth protocol reported in this work might be applied to
grow high quality crystals where the electronic band structure and magnetism can be finely tuned
by chemical substitutions.
INTRODUCTION
The intersection of magnetism with topological elec-
tronic states has become an exciting area in condensed
matter physics. A variety of exotic quantum states
have been predicted to emerge, such as the quantum
anomalous Hall effect, Weyl semimetals, and axion in-
sulators, although only a few experimental realizations
have been found to date. For example, the introduction
of bulk ferromagnetic (FM) order in a topological insula-
tor (TI) has been shown to induce the quantum anoma-
lous Hall effect at very low temperatures (≈10 mK) in
thin films of a TI with dilute magnetic doping, such as
(Bi1−ySby)2−xCrxTe3.[1] In this situation, FM order pre-
serves the bulk electronic gap (a FM insulator) and also
gaps the spin-momentum locked Dirac-like surface states,
producing dissipationless edge modes in the absence of
an applied magnetic field. FM order can also close the
bulk gap in a TI through exchange coupling, inducing
a gapless Weyl semimetal with topologically protected
bulk chiral electronic states. In both cases, the breaking
of time-reversal symmetry by the magnetic order is key
to the unusual topological properties.
Another interesting approach is to consider the effect
of antiferromagnetic (AFM) order in topological mate-
rials. In this case, time-reversal symmetry is broken,
but the combination of time reversal and a half-lattice
translation is not broken, which leads to a Z2 topological
classification. Such AFM-TIs are predicted to host un-
usual quantum axion electrodynamics at the surface.[2]
However, it is extremely rare to find the naturally-grown
mutilayers where magnetic (either ferromagnetic or an-
tiferromagnetic) and topological phases coexist and inti-
mately couple to each other.
It has recently been proposed that MnBi2Te4 may be
the first example of an AFM-TI.[3–5] MnBi2Te4 is based
on the Bi2Te3 tetradymite structure common to the well-
known topological insulators. The tetradymite struc-
ture is rhombohedral and consists of a van der Waals
bonded quintuple-layers with a Te-Bi-Te-Bi-Te sequence.
In MnBi2Te4, an additional Mn-Te layer is inserted, Te-
Bi-Te-Mn-Te-Bi-Te, forming a septuple-layer. Magnetic
measurements confirm that the Mn ions adopt a high-
spin S=5/2 of a 2+ valence with a large magnetic mo-
ment of ∼5 µB and also indicate an AFM transition
at 24 K.[5] Therefore, MnBi2Te4 offers a unique natural
heterostructure of antiferromagnetic planes intergrowing
with layers of topological insulators. First-principles cal-
culations, magnetic measurements, and X-ray magnetic
circular dichroism measurements predict an A-type mag-
netic structure with FM hexagonal layers coupled anti-
ferromagnetically along the c-axis. However, a confir-
mation of the magnetic structure by neutron diffraction
is still absent possibly due to the difficulty of synthesis
of polycrystalline samples and growth of sizable single
crystals.[6]
In this work, we report the growth of sizable sin-
gle crystals of MnBi2Te4 out of a Bi-Te flux. The as-
grown MnBi2Te4 crystals have an electron concentration
of 5.3×1020cm−3 at room temperature and exhibit an-
tiferromagnetic order at TN=24 K. Our neutron powder
and single crystal diffraction measurements confirm the
previously proposed A-type antiferromagnetic order with
ferromagnetic planes coupled antiferromagnetically along
the c-axis. The ordered moment is 4.04(13)µB/Mn at
10 K and aligned along the crystallographic c-axis. The
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2FIG. 1. (color online) Photograph of a single crystal of
MnBi2Te4 on a mm grid.
magnetic order affects both the electrical and thermal
conductivity. However, we observed no anomaly in the
temperature dependence of thermopower around TN .
EXPERIMENTAL DETAILS
MnBi2Te4 single crystals were grown by a flux method.
Mixtures of Mn (alfa aesar, 99.99%), Bi pieces (alfa ae-
sar, 99.999%), and Te shot (alfa aesar, 99.9999%) in the
molar ratio of 1:10:16 (MnTe:Mn2Te3=1:5) were placed
in a 2ml alumina growth crucible of a Canfield crucible
set,[7] and heated to 900◦C and held for 12 h. After
slowly cooling across a ≈10 degree window below 600◦C
in two weeks, the excess flux was removed by centrifuga-
tion above the melting temperature of Bi2Te3 (585
◦C).
We also tested other ratios of starting materials to find
MnTe:Mn2Te3=1:5 gives large crystals and reasonable
yield. Crystals produced by this flux method were typi-
cally few mm on a side and often grew in thick, blocklike
forms with thicknesses up to 2 mm, but are easily delam-
inated into thin sheets. Figure 1 shows the picture of one
crystal. Most crystals are about 20 mg per piece but the
thick crystals can be over 50 mg.
We performed elemental analysis on both the as-grown
and freshly cleaved surfaces using a Hitachi TM-3000
tabletop electron microscope equipped with a Bruker
Quantax 70 energy dispersive x-ray system. The elemen-
tal analysis confirmed the Mn:Bi:Te ratio is 14.4:28.6:57.0
in the crystals. Magnetic properties were measured with
a Quantum Design (QD) Magnetic Property Measure-
ment System in the temperature range 2.0 K≤T≤ 300 K.
The temperature and field dependent electrical resistiv-
ity data were collected using a 9 T QD Physical Prop-
erty Measurement System (PPMS). One single crystal
with dimensions of 1.20 mm× 0.75 mm× 7 mm was se-
lected for the thermal conductivity measurement using
the TTO option of 9T PPMS. Silver epoxy (H20E Epo-
Tek) was utilized to provide mechanical and thermal con-
tacts during the thermal transport measurements. The
thermal conductivity measurement was performed with
the heat flow in the ab-plane.
The scanning tunneling microscopy (STM) and spec-
troscopy (STS) measurements were performed at 4.5
K in an Omicron UHV-LT-STM with a base pressure
1×10−11mbar. Electrochemically etched tungsten tips
were characterized on Au (111) surface. The MnBi2Te4
single crystals were cleaved in situ at room temperature
and then transferred immediately into the cold STM head
for measurements. The dI/dV spectra were measured
with the standard lock-in technique with a modulation
frequency f = 455 Hz and a modulation amplitude Vmod
= 20 mV.
Neutron powder diffraction was performed on the time-
of-flight (TOF) powder diffractometer, POWGEN, lo-
cated at the Spallation Neutron Source at Oak Ridge
National Laboratory. The powder sample used for
the neutron diffraction measurements was synthesized
by annealing at 585◦C for a week the homogeneous
stoichiometric mixture of the elements quenched from
900◦C.[6] X-ray powder diffraction performed on a PAN-
alytical X’Pert Pro MPD powder X-ray diffractometer
using Cu Kα1 radiation found weak reflections from
MnTe2. The room temperature lattice parameters are
a=4.3243(2) A˚, c=40.888(2) A˚, consistent with previ-
ous reports.[6, 8] Magnetic measurement confirmed the
polycrystalline sample orders antiferromagnetically at
TN=24 K. Around 2.1 g powder was loaded in a vana-
dium container and the POWGEN Automatic Changer
was used to access the temperature region of 10−300 K.
The data were collected with neutrons of central wave-
lengths 1.5 A˚. Symmetry allowed magnetic structures are
analyzed using the Bilbao crystallographic server.[9, 10]
All of the neutron diffraction data were analyzed using
the Rietveld refinement program FULLPROF suite.[11]
Single-crystal neutron diffraction experiments were
carried out on the triple-axis spectrometer (TRIAX) lo-
cated at the University of Missouri Research Reactor
(MURR). The TRIAX measurements utilized an inci-
dent energy of Ei = 14.7 meV using a pyrolytic graphite
(PG) monochromator system and is equiped with an PG
analyzer stage. PG filters were placed before and af-
ter the second monochromator to reduce higher order
contamination in the incident beam achieving a ratio
Iλ
2 : Iλ :≈ 10−4. The beam divergence was defined by
collimators of 60’-60’-40’-80’ between the reactor source
to monochromator; monochromator to sample; sample
to analyzer; and analyzer to detector, respectfully. A
14 mg MnBi2Te4 crystal was loaded to the cold tip of
the Advanced Research Systems closed-cycle refrigerator
and cooled to a base temperature of 6.7 K. The sam-
ple was mounted with the (1,0,L) plane in the neutron
scattering plane, with lattice parameters a = 4.303A˚ and
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FIG. 2. (color online) Temperature dependence of magneti-
zation measured in a magnetic field of 1 kOe perpendicular to
the crystallographic c-axis. The curves are shifted for clarity.
The ferromagnetic signal disappears after cutting off the edges
where the magnetic impurity Bi2−xMnxTe3 tends to stay.
c = 40.231 A˚ at base temperature. The crystal that we
examined shows some twinning of two inequivalent do-
mains that are rotated by 120◦. These twinned grains
are identified as Bragg peaks along (H0L) that do not
conform to the reflection condition -H+L=3n for the R-
3m space group, but are rather (0KL) reflections from
the twin which obeys the K+L=3n condition.
RESULTS AND DISCUSSION
Magnetic and transport properties
As reported previously, [6, 8] MnBi2Te4 can be syn-
thesized only in a narrow temperature window around
600◦C, which makes the crystal growth rather challeng-
ing. Our growth strategy takes advantage of the low
melting temperature of Bi-Te mixture. The melting tem-
pertaure of Bi2Te3 is 585
◦C, which is in the tempera-
ture range where MnBi2Te4 is stable and makes possible
the crystal separation from flux by decanting. One con-
cern of this growth strategy is that Bi2−xMnxTe3 melt
might stay on the surface of the crystal and contribute
a weak ferromagnetic signal at low temperatures. Fig. 2
shows the temperature dependence of the magnetic sus-
ceptibility of one MnBi2Te4 crystal cleaned differently
as described below. The measurement was performed
in a field of 1 kOe applied perpendicular to the crys-
tallographic c-axis. For the as-grown crystal, there is
a weak ferromagnetic signal below Tc∼13 K, which co-
incides with the ferromagnetic ordering temperature of
Bi2−xMnxTe3.[12] The measurement was then performed
FIG. 3. (color online) (a,b) Temperature dependence of mag-
netization in various magnetic fields up to 70 kOe perpendicu-
lar (H//ab) and parallel (H//c) to the crystallographic c axis,
respectively. (c) Suppression of TN with increasing magnetic
fields. It should be noted that a metamagnetic transition oc-
curs around 35 kOe when the magnetic field is applied along
the crystallographic c-axis. The solid curves are a guide to the
eye. (d) The field dependence of magnetization at different
temperatures.
on the same piece of crystal after peeling off the surface
layers. The presence of the low temperature ferromag-
netism suggests negiligible amount of Bi2−xMnxTe3 on
the surface of MnBi2Te4 crystals. We further cleaned
the crystals by cutting off the edges using a sharp surgi-
cal blade. The nearly temperature independent magnetic
susceptibility below TN=24 K suggests that the magnetic
impurities of Bi2−xMnxTe3 tends to stay on the edges of
the crystals. This is similar to the contamination of Nd-
FeAsO single crystals by NdAs we observed before.[13]
Therefore, before magnetic measurements, we carefully
cleaned the crystals by removing the edges using a sur-
gical blade.
Figure 3 (a, b) show the temperature dependence of
the magnetic susceptibility measured in various magnetic
fields applied perpendicular (labelled as H//ab) and par-
allel to the crystallographic c-axis, respectively. The
anisotropic temperature dependence agrees with previ-
ous report[5] and suggests an antiferromagnetic order at
TN=24 K. With increasing magnetic fields, the magnetic
order is suppressed to lower temperatures. The suppres-
sion of TN with increasing magnetic fields is summarized
in Fig. 3(c). A spin flop transition occurs around 35 kOe
when the field is applied along the crystallographic c-axis.
This is better illustrated by the M(H) curves shown in
Fig. 3(d). A linear field dependence at all measured tem-
peratures was observed when the magnetic field is ap-
plied perpendicular to the crystallographic c-axis. The
data collected at 2 K are shown as an example. When the
4FIG. 4. (color online) Field dependence of resistivity at 2 K.
Around 32 kOe where a metamagnetic transition occurs, a
sharp drop was observed in both ρxx and ρxy. A weak
anomaly was observed around 78 kOe above which the Mn
spins are fully polarized.
magnetic field is applied parallel to the c-axis, a meta-
magnetic transition is observed when the field is larger
than 35 kOe. At 20 K, the metamagnetic transition oc-
curs in a wider field range around 25 kOe. The metam-
agnetic transition disappears when the measurement is
performed at a temperature above TN . The observed
metamagnetic transition suggests the magnetic moment
is aligned along the crystallographic c-axis, which agrees
with the temperature dependence of the magnetic suscep-
tibility and the magnetic structure revealed by neutron
diffraction.
The temperature and field dependence of electri-
cal resistivity was measured in the temperature range
2 K≤T≤300 K and in magnetic fields up to 90 kOe. The
temperature and field dependence agrees with previous
reports.[5, 6, 14] From the Hall coefficient at room tem-
perature, the electron density is about 5.3×1020cm−3 as-
suming one carrier band. Figure 4 shows the field de-
pendence of in-plane electrical and Hall resistivity at 2 K
with the magnetic field applied parallel to the crystallo-
graphic c-axis. The electrical and Hall resistivity drops
sharply around 32 kOe where the metamagnetic transi-
tion occurs. Around 78 kOe, a weak anomaly was ob-
served in both curves where the Mn spins are fully polar-
ized. The critical fields and large anomalous Hall effect
agree with those reported by Lee et al.[14]
Figure 5 shows the temperature dependence of the
thermal conductivity, κ(T), in the temperature range
2 K≤T≤300 K. The thermal conductivity is low in the
whole temperature range and weakly temperature de-
pendent. A room temperature value of ∼3 W/K m is
comparable to that of a typical n-type of Bi2Te3. The
FIG. 5. (color online) Temperature dependence of ther-
mal conductivity. The electronic thermal conductivity, κe,
was estimated from the electrical resistivity data using the
Wiedemann-Franz law. The lattice thermal conductivity, κph,
was obtained by subtracting κe from the total thermal con-
ductivity. Inset highlights the details of κph around TN . The
solid curves in the inset are a guide to the eye highlighting
the critical scattering.
low thermal conductivity signals strong scattering from
electrons, magnetic fluctuations, and lattice defects. As
presented later, our STM measurement found about 3%
MnBi antisite defects, which might serve as an effective
phonon scatterer due to the large mass difference between
Mn and Bi. Without considering possible heat conduc-
tion by magnetic excitations, the lattice thermal conduc-
tivity, κph, can be estimated by subtracting the electronic
thermal conductivity from the total thermal conductiv-
ity. The electronic thermal conductivity, κe, can be es-
timated from the electrical resistivity data assuming the
Wiedemann-Franz law is valid: κe=LT/ρ, where L is the
Lorenz constant taken to be equal to 2.44×10−8 V2/K2,
T is the absolute temperature, and ρ is the electrical re-
sistivity. κe is small and decreases while cooling in the
whole temperature range studied. κph follows the tem-
perature dependence of the total thermal conductivity. A
critical scattering behavior is observed around TN=24 K.
The dip-like feature is highlighted in the inset of Fig.5.
Thermal conductivity studies of antiferromagnetic insu-
lators have demonstrated a critical scattering effect that
induces a dip in κ(T) with a minimum in the region of the
magnetic transition.[15–17] NiO and CoO are two typi-
cal examples showing this critical scattering effect in the
κ(T) curve. As pointed by Carruthers,[18] the anomalous
dip in κ(T) is not a general phenomenon for all antiferro-
magnets due to varied lattice dynamics in different ma-
terials. For example, the perovskite KCoF3 shows a dip
anomaly in κ(T) at TN whereas KMnF3 shows a mini-
mum at TN and a glass-like thermal conductivity above
5TN .[19] However, the critical scattering illustrated in the
inset of Fig. 5 suggests that the dominant role of the spin
system is as an additional phonon scattering mechanism
in MnBi2Te4 and the spin-lattice coupling is strong in
MnBi2Te4.
Magnetic excitations can also carry heat, especially in
low dimensional systems. A famous example is the spin-
ladder compound Ca9La5Cu24O41 in which the thermal
conductivity parallel to the ladder direction is nearly two
orders of magnitude higher than the thermal conductivity
perpendicular to the ladder direction.[20] Similar mag-
netic heat transport has also been reported in (quasi-
)2-dimensional materials such as La2CuO4.[21] Consid-
ering the 2-dimensional arrangement of Mn-sublattice,
heat transport by magnetic excitations is likely and this
deserves further careful investigation.
Figure 6 shows the evolution of the thermopower, α(T),
with temperature. At room temperature, α(T) has a
value of -16µV/K. The negative sign of α(T) signals elec-
trons dominated charge transport and the small absolute
value signals high electron concentration, consistent with
the Hall data and STS result presented later. The abso-
lute value of α(T) decreases linearly upon cooling from
room temperature to 2 K. This linear temperature de-
pendence corresponds to the characteristic diffusion ther-
mopower of a metal. A careful measurement around TN
(see inset of Figure 6) found no response of α(T) to the
magnetic order. α(T) was also measured in magnetic
fields up to 90 kOe applied perpendicular to the crystal-
lographic c-axis. However, no magnetothermopower was
observed in the temperature range 2 K≤T≤80 K. Ther-
mopower is proportional to the logarithmic derivative of
the density of states (DOS) with respective to energy
at the Fermi level and it is sensitive to the asymmetry
in the DOS near the Fermi level. The absence of any
anomaly in α(T) across TN suggests that the A-type an-
tiferromagnetic order either does not modify the elec-
tronic band structure or the asymmetry in the DOS is
maintained even though the band structure is changed
across the magnetic order. For the latter case, magnetic
ordering would have a larger effect on electrical resis-
tivity beyond the reduction of spin-disorder scattering.
It would be interesting to measure thermal conductiv-
ity and thermopower in magnetic fields parallel to the
c-axis to probe the effects of canted magnetism on the
bulk properties.
STM/STS
Fig. 7 shows an STM image of a cleaved MnBi2Te4 sin-
gle crystal terminating with the Te surface. Two types
of defects can be observed on the surface: bright circu-
lar protrusions and dark clover-shape depressions. Pre-
sumably, they are respectively BiTe antisites in the first
layer and Mn occupying Bi sites (MnBi) in the second
FIG. 6. (color online) Temperature dependence of ther-
mopower. Inset shows a more careful measurement around
TN which shows no anomaly.
FIG. 7. (color online) (a) the STM image of the cleaved
MnBi2Te4 terminating with the Te surface. Inset shows the
Fourier transformation of the STM image. (b) The local den-
sity of states (LDOS) is measured by the spatially averaged
conductance spectrum.
layer, as assigned by the previous STM work on topo-
logical insulator Bi2Se3 [22] and Mn-doped Bi2Te3 [12].
By counting the number of MnBi defects, it is estimated
that Mn occupies about 3% of the Bi sites in the second
layer. In Mn-doped Bi2Te3, 1% of Mn doping is suffi-
cient to generate ferromagnetism.[23] However, we did
not notice any anomaly in the temperature dependence
of magnetic susceptibility of a well cleaned crystal. The
hexagonal Bragg peaks in the Fourier transformation of
the STM image reveal the hexagonal lattice formed by
the Te atoms, and from which the lattice constant is es-
timated to be 4.3A˚. The local density of states (LDOS)
is measured by the spatially averaged conductance spec-
trum. The valence band maximum (VBM) and the con-
duction band minimum (CBM) locate at around -0.5 and
-0.2 eV, respectively. This is consistent with the recent
APRES results [4]. The finite LDOS inside the band gap
indicates possible existence of topological surface states.
6TABLE I. Refined atomic positions and lattice constants at
T = 100 K and 10 K for MnBi2Te4 with space group R − 3m
(No. 166). Mn: 3a (0, 0, 0); Bi: 6c (0, 0, z); Te1: 6c (0, 0, z);
Te2: 6c (0, 0, z)
T Atom Atomic position a(A˚) c(A˚)
100 K Bi z= 0.4245(6) 4.314(6) 40.741(4)
Te1 z= 0.1332(4)
Te2 z= 0.2940(8)
10 K Bi z= 0.4247(6) 4.309(7) 40.679(5)
Te1 z= 0.1324(7)
Te2 z= 0.2943(8)
Neutron diffraction
In order to determine the magnetic structure and
ordered moment, we first performed neutron powder
diffraction. The diffraction patterns at 100 K and 10
K are shown in Fig. 8 (a) and (b), respectively. Ri-
etveld analysis confirms the trigonal structure with space
group R-3m (No. 166), consistent with previous report.[8]
About 5%wt MnTe2 was identified to exist in the sam-
ple. Our neutron diffraction results show no change in
the crystal structure of this compound down to 10 K.
The refined atomic positions and lattice constants at 100
K and 10 K are summarized in Table I.
At 10 K (see Fig. 8(b)), neutron diffraction observed
some additional reflections that are absent at 100 K and
are of magnetic origin. These magnetic reflections can
be indexed with a propogation vector k =(0,0,1/2).
Symmetry-allowed magnetic space groups are analyzed
by the Bilbao crystallographic server to create the PCR
file for refinement. We used one magnetic unit cell
(a × b × 2c) to refine both nuclear and magnetic peaks
to obtain the lattice information and magnetic structure
simultaneously. The refinement confirms an A-type an-
tiferromagnetic order consisting of ferromagnetic layers
coupled antiferromagnetically along the c-axis with the
magnetic space group Pc-3c1 (No. 165.96). Refinements
at 10 K find an ordered moment of 4.04(13)µB/Mn that
is aligned along the crystallographic c-axis. The deter-
mined magnetic structure is displayed in Fig. 8 (c),
consistent with previous theoretical predictions by den-
sity functional theory.[5, 24] It is worth mentioning that
symmetry analysis of the magnetic cell allows for differ-
ent ordered moments at the two Mn sites at (0,0,0) and
(0.6667,0.3333,0.1667), although our refinement suggests
the same ordered moment. We also considered other
possible magnetic structures, for example, the AFM or-
der with the up-up-down-down stacking of ferromagnetic
planes along the c axis, or A-type AFM order with mo-
ments in ab-plane, or G-type AFM order. None of these
models provides reasonable refinement.
The magnetic structure shown in Fig. 8(c) is further
confirmed by neutron single crystal diffraction measure-
ments. Our measurements observed no weak reflections
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FIG. 8. (color online) Rietveld refinement fits to neutron
diffraction patterns of MnBi2Te4 at (a) 100 K, and (b) 10
K. The observed data and the fit are indicated by the open
circles and solid lines, respectively. The difference curve is
shown at the bottom. The vertical bars mark the positions
of Bragg peaks (nuclear peaks) in (a); both nuclear and mag-
netic peaks in (b)) for MnBi2Te4 (top) and impurity phase
MnTe2 (bottom). (c) The determined magnetic structure
of MnBi2Te4, with two coordinates Mn1 (0,0,0) and Mn2
(0.6667,0.3333,0.1667) in one magnetic cell.
that could not be indexed by the A-type AFM struc-
ture described above. Figure 9(a) shows diffraction pat-
terns from the single crystal along the (10L) direction
(using hexagonal indexing) above (square symbols) and
below (diamond symbols) TN showing emerging half in-
teger L magnetic Bragg reflections at base temperature,
consistent with powder diffraction results. Similarly, Fig-
ure 9(b) shows emerging half integer reflections along the
(20L) reflections. These half integer reflections and the
absence of extra reflections along the (00L) at low tem-
perature confirm doubling of the chemical unit cell due
to the antiparallel arrangement of adjacent ferromagnetic
Mn planes where the magnetic moment in each basal
plane is along the c-axis. We note that peaks at the
nominal (105) and (108) in Fig. 9(a) indicate that the
crystal is twinned, namely these peaks can be indexed as
(015) and (018) reflections from the other domain. Con-
sistent with that, the (20L) scans in Fig. 9(b) also show
extra peaks from the other domain at (021), (024), and
(027) (marked with asterisk). Figure 10 shows the tem-
perature dependence of the integrated intensity of the
magnetic (1 0 2.5) Bragg reflection. A fit to a power law
I∝(1-T/TN )2β yields TN=24.1(2) K and β=0.35(2). The
Neel temperature agrees well with that determined from
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FIG. 9. (Color online) (a) Neutron diffraction from single
crystal along the (10L) above (square symbols) and below
(diamond symbols) TN . We note that peaks at the nominal
(105) and (108) indicate that the crystal is twinned, namely
these peaks are (015) and (018) from the other domain. (b)
(20L) scan at base temperature. Note the extra peaks from
the other (02L) domain are marked with asterisk.
magnetic and transport measurements.
SUMMARY
In summary, we have successfully grown sizable single
crystals of MnBi2Te4 out of a Bi-Te flux. The large crys-
tals make possible the exploration and investigation of
the intrinsic properties of MnBi2Te4 using various tech-
niques including neutron diffraction and thermal conduc-
tivity measurements. Hall and STS measurements sug-
gest the crystals are n-type with a carrier concentration
of 5.3×1020cm−3 at room temperature. MnBi2Te4 orders
antiferromagnetically at TN=24 K. Our neutron powder
and single crystal diffraction measurements confirm the
proposed A-type antiferromagnetic order with ferromag-
netic planes coupled antiferromagnetically along the c-
axis. The ordered moment is 4.04(13)µB/Mn at 10 K
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FIG. 10. (Color online) (left) Intensity versus temperature
of the magnetic (1 0 2.5) including a fit to a power law I ∝
(1−T/TN )2β (solid line) that yields TN = 24.1(2) K and β =
0.35(2). Inset shows intensity of magnetic Bragg reflections
versus momentum transfer below and above TN.
and aligned along the crystallographic c-axis. The elec-
trical resistivity drops upon cooling across TN due to
the reduced scattering. The long range magnetic or-
der also induces a critical scattering effect around TN
in the temperature dependence of thermal conductivity.
These changes suggest that the Mn spins are effective
scatterers affecting the electrical and thermal transport.
No anomaly in thermopower was observed across TN ,
which indicates that the A-type antiferromagnetic or-
der has negligible effect on the electronic band struc-
ture. However, the sharp change of electrical and Hall re-
sistivity when going across the metamagnetic transition
signals strong coupling between the canted magnetism
and the bulk band structure. Fine tuning of the mag-
netism and/or electronic band structure is needed for the
proposed topological properties of this compound. The
growth protocol reported in this work provides a conve-
nient route to high quality crystals where the electronic
band structure and magnetism can be finely tuned by
chemical substitutions.
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